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A b s t r a c t .  Quartz c r y s t a l  microbalance s e n s o r s  are recommended t o  v e r i f y  
and monitor  s u r f a c e  d e p o s i t i o n  on t h e  e a r l y  t r a n s v e r s e  boom as w e l l  a s  t h e  
l a t e r  dua l -kee l  Space S t a t i o n  c o n f i g u r a t i o n s .  Performance and placement of 
t h e s e  s e n s o r s  are d i s c u s s e d  and compared t o  imposed maximum mass d e p o s i t i o n  
ra te  requi rements  a t  t h e  s c i e n c e  i n s t r u m e n t  and c r i t i c a l  power l o c a t i o n s .  
A d d i t i o n a l  measurements are sugges ted  t o  ga in  f u r t h e r  knowledge on p r o p e r t i e s  
of t h e  d e p o s i t e d  material. 
I n t r o d u c t i o n  
Molecular  contaminat ion  i n c l u d e s  gases  t h a t  may be adsorbed o r  absorbed on 
a s u r f a c e .  F i lm- l ike  d e p o s i t s  i n  the  l i q u i d  and s o l i d  phases  are a l s o  
c o n s i d e r e d  molecular  contaminat ion.  
The w o r l d ' s  f irst  space  s t a t i o n ,  Skylab,  inc luded  q u a r t z  c r y s t a l  
microbalances  ( Q C M s )  and o p t i c a l  w i t n e s s  samples t o  monitor  contaminat ion  and 
i t s  e f fec ts .  Of concern t o  exper imenters  was both induced contaminat ion  and 
contaminat ion  from r e v i s i t s  by manned s p a c e c r a f t .  S i m i l a r  concerns e x i s t  
today f o r  Space S t a t i o n .  S i n c e  Skylab,  WMs have been the  i n s t r u m e n t s  of 
c h o i c e  f o r  r e l i a b l e ,  s e n s i t i v e ,  and economical molecular  mass d e p o s i t i o n  
measurements both i n  vacuum chambers and space f l i g h t  a p p l i c a t i o n s .  A popular  
v e r s i o n  u t i l i z e s  t h e r m o e l e c t r i c  P e l t i e r  devices  coupled t o  the q u a r t z  
c r y s t a l .  I n  t h i s  manner, t h e  so-ca l led  tempera ture-cont ro l led  q u a r t z  c r y s t a l  
microbalance (TQCM) can be opera ted  over  t h e  tempera ture  range of 
approximately 8OoC t o  -6OOC when t h e  h e a t  s i n k  tempera ture  i s  2OoC (see 
F i g u r e s  1 and 2 ) .  
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Fig. 1 .  Exploded V i e w  of W a r t z  C r y s t a l  Microbalance 
Sensor ,  @M Research , Laguna Beach, CA 
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Fig. 2. Schematic  of T e m p e r a t u r e X o n t r o l l e d  Quartz C r y s t a l  
Microbalance by Faraday L a b o r a t o r i e s  Inc. ,  L a J o l l a ,  
CA. This  type was used on t h e  S h u t t l e  Induced 
Environmental  Contamination Monitor ( EECM) . 
O p t i c a l  w i t n e s s  samples, where there is an o p p o r t u n i t y  f o r  r e t r i e v a l ,  
p r o v i d e  an i m p o r t a n t  measurement of d e p o s i t i o n  e f f e c t s  ( t h i s  technique  i s  used 
e x t e n s i v e l y  d u r i n g  ground o p e r a t i o n s ) .  Act ive  monitor ing of o p t i c a l  e f f e c t s  
has  a lso been accomplished and can o f f e r  real  t i m e  assessment  of the  spectral  
e f f e c t s  of contaminat ion  d e p o s i t i o n s .  
moni tor ing  mass d e p o s i t i o n  i n  t h e  Space S t a t i o n  era. Contaminat ion l e v e l  
requi rements  must be v e r i f i e d ,  and ongoing monitor ing c a p a b i l i t y  must be 
provided  to  t h e  e x t e n t  t h a t  e v e n t s  producing u n d e s i r a b l e  l e v e l s  can be a b a t e d  
o r  modified and s e n s i t i v e  i n s t r u m e n t s  can be p r o t e c t e d .  EM placement ,  type ,  
and q u a n t i t y  of s e n s o r s  w i l l  i n f l u e n c e  the  a b i l i t y  t o  accomplish t h e s e  tasks.  
I t  is  a n t i c i p a t e d  t h a t  the Q Z M  w i l l  s t i l l  be the  i n s t r u m e n t  of choice  f o r  
Requirements 
The Space S t a t i o n  E x t e r n a l  Contamination C o n t r o l  Requirements Document ( J S C  
4.5.1 Quiescent  P e r i o d s  
30426) s ta tes :  ' I . .  . . . 
4.5.1.4 Molecular  Depos i t ion  
The f l u x  of molecules  emanating from t h e  c o r e  Space S t a t i o n  must be 
4.5.1.4A The mass d e p o s i t i o n  r a t e  of t w o  300°K s u r f a c e s  both 
l i m i t e d  such t h a t :  
l o c a t e d  a t  the PMP w i t h  one p e r p e n d i c u l a r  t o  t h e  +Z a x i s  and t h e  o t h e r  whose 
s u r f a c e  normal l i es  i n  t h e  h o r i z o n t a l  p lane  and a t  c r i t i c a l  power l o c a t i o n s  
w i t h  an acceptance  a n g l e  of 21r s t e r a d i a n  s h a l l  be no more than  1 x L O - 1 4  g/crn2 
sec ( d a i l y  a v e r a g e ) .  
4.5.1.4B The mass d e p o s i t i o n  rate on a 300'K s u r f a c e  l o c a t e d  a t  t h e  
PYP and p e r p e n d i c u l a r  t o  t h e  Z a x i s  w i t h  an acceptance  a n g l e  of 0.1 s t e r a d i a n  
s h a l l  be no more than  1 x g/cm2 ( d a i l y  a v e r a g e ) .  
4.5.1.K The mass d e p o s i t i o n  ra te  of a 5OK sl'rface l o c a t e d  a t  t h e  
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PMP and p e r p e n d i c u l a r  t o  t h e  Z a x i s  wi th  an accep tance  ang le  of 0.1 s t e r a d i a n  
s h a l l  be no more than  2 x 
condensa t ion  of a tmospher ic  c o n s t i t u e n t s .  
g/cm2 sec ( d a i l y  a v e r a g e )  exc lud ing  
4.5.2 Nonquiescent  P e r i o d s  
4.5.2.1 Molecular  Depos i t ion  
T o t a l  d e p o s i t i o n  on s e n s i t i v e  s u r f a c e s  such as s o l a r  a r r a y s  o r  
e i t h e r  the astronomy o r  Ea r th  r e sources  obse rva t ion  r eg ions  s h a l l  n o t  exceed 
4 x g/cm2 yr .  
p e r i o d s )  are s t a t e d  on a d a i l y  averaged 1-sec t i m e  b a s i s ,  t he  real  concern is  
t h e  n e t  d e p o s i t i o n  over  longer  p e r i o d s  of t i m e  (weeks t o  months).  The basic 
d e t e c t i v i t  of a T F M  o p e r a t i n g  a t  15 MHz is about  1.6 x 10" g cm'2. Rates 
of 1 x g cm-  s-l (on  300 K ,   IT s t e r a d i a n  s u r f a c e )  would r e q u i r e  a 
minimum of 44 hours  t o  d e p o s i t  1.6 x g and 1 yea r  f o r  approximate ly  
3 x The l a t t e r  va lue  could be e q u i v a l e n t  t o  a f e w  monolayers and 
could  p o s s i b l y  cause  s i g n i f i c a n t  vacuum u l t r a v i o l e t  abso rp t ion .  
of 0 .1  s t e r a d i a n  would r e q u i r e  6 months t o  reach detectable l i m i t s ;  however, 
i f  t he  sou rce  can be assumed, o r  determined,  t o  be i s o t r o p i c  
ove r  2n  s t e r a d i a n s  then  a s e n s i b l e  d e t e c t i o n  could be a t t a i n e d  i n  about  70 
hours  u s i n g  d e t e c t o r s  wi th  hemisphe r i c . accep tance  ang le s .  
be l.rr s t e r a d i a n ,  d o u b l i n g  t h e  above. s e n s i b l e  d e t e c t i o n  times o r  i n t e g r a t i o n  
p e r i o d s .  Due t o  measurement n o i s e  and d r i f t ,  ano the r  f a c t o r  of 3 should  be 
cons ide red  t o  e s t a b l i s h  d e t e c t i o n  and t r e n d s  a t  these d e p o s i t i o n  rates. Thus, 
abou t  11 days would be r e q u i r e d  t o  e s t a b l i s h  rates of 1 x 
s-l 2 n  s t e r a d i a n  and 18 days f o r  rates of 1 x 
on a 300 K s u r f a c e  with a I n  s t e r a d i a n  acceptance  angle .  
Even though mass d e p o s i t i o n  requi rements  f o r  q u i e s c e n t  p e r i o d s  ( o p e r a t i o n a l  
g cm-2. 
A rate of 1 x g cm'2 s-l on a 300 K surface wi th  an accep tance  a n g l e  
A more p r a c t i c a l  acceptance  ang le  f o r  a TKM measurement would 
g cm'2 
g s-l 0.1 s t e r a d i a n  
To p rov ide  a 5 K monitor  s u r f a c e ,  i n  o rde r  t o  v e r i f y  induced contaminant  
I ( exc lud ing  a tmospher ic  c o n s t i t u e n t s )  mass d e p o s i t i o n  rates on c ryogen ic  
I d e t e c t o r  could  be des igned  t h a t ,  w i t h  p roper  thermal  s h i e l d i n g  and e f f i c i e n t  
I r a d i a t o r s  , could p rov ide  s u r f a c e  tempera tures  down t o  approximate ly  130 K, 
~ s u r f a c e s ,  may be p r o h i b i t i v e l y  expensive.  However, a r a d i a t i v e l y  cooled QZM 
1 s u f f i c i e n t l y  low to  condense i n f r a r e d  absorb ing  material of i n t e r e s t .  
~ R a d i a t i v e  c o o l i n g  t o  these l o w  tempera tures  would, however, g e n e r a l l y  no t  
I a l low o r i e n t a t i o n  of t h e  Q C M  s u r f a c e  pe rpend icu la r  t o  t he  2 a x i s .  
d e l i n e a t e d  i n  JSC 30426. For i n s t a n c e ,  no X o r  Y d i r e c t i o n s  are specified f o r  
the  prime measurement p o i n t  (PMP) s u r f a c e  whose normal l i e s  i n  the h o r i z o n t a l  
p l ane ,  o r  f o r  t h e  s u r f a c e  a t  the c r i t i c a l  power l o c a t i o n s .  Also, it is n o t  
t r i v i a l  t o  d i s t i n g u i s h  t h e  c o r e  Space S t a t i o n  molecular f l u x  d e p o s i t i o n  for 
o t h e r  sou rces  such as s c i e n c e  in s t rumen t s .  S i n c e  t h e s e  in s t rumen t s  would by 
and l a r g e  be mounted a t  t h e  PMP, molecular  f l u x  ( d i r e c t  and r e t u r n )  from such  
i n s t r u m e n t a t i o n  could  be r e l a t i v e l y  h igh  due t o  proximi ty .  
The l oca t ion  and o r i e n t a t i o n  of the 300 K surfaces are no t  c lear ly  i 
I 
I Recommended Measurements 
In  o r d e r  t h a t  s u f f i c i e n t  i n fo rma t ion  be a v a i l a b l e  t o  de te rmine  the  q u a n t i t y  
of molecular  d e p o s i t i o n  a t  t h e  PMP and t o  p o s s i b l y  i d e n t i f y  sou rces ,  it i s  
recommended that  a TQCM package c o n s i s t i n g  of s i x  TQCMs, one viewing i n  each  
d i r e c t i o n  (&XI fY, fZ), be mounted o n  t h e  space and e a r t h  s ide on each of the 
4 co rne r s .  Each s e n s o r  would view approximate ly  l a  s t e r a d i a n  and nominal ly  
o p e r a t e  a t  300 K. Also, two a d d i t i o n a l  TQCMs wi th  0.1 s t e r a d i a n  accep tance  
a n g l e s  should  be mounted on t h e  upper and lower booms wi th  s u r f a c e  
I 
I 
3 3  
p e r p e n d i c u l a r  t o  the Z a x i s  and c o n t r o l l e d  a t  300 K. The corner-mounted 
packages should be p o s i t i o n e d  such t h a t  the s e n s o r  views a long  the boom, i .e. ,  
s c i e n c e  in s t rumen t  area sees as many of t h e s e  in s t rumen t s  as possible .  I n  
o t h e r  words i t s  boom area view should  n o t  be o b s t r u c t e d  by a near-by 
in s t rumen t .  The narrow f i e l d  TQ2Ms should  be mounted abou t  one-fourth of the 
t o t a l  l eng th  of t h e  boom from each end and s u f f i c i e n t l y  above the  boom t o  
exc lude  d i r ec t  viewing of S t a t i o n  components o r  i n s t rumen t s .  
Two TQCMs wi th  I n  s t e r a d i a n  accep tance  a n g l e  should  be l o c a t e d  a t  each of 
t h e  c r i t i c a l  power l o c a t i o n s ,  one whose s u r f a c e  i s  pa ra l l e l  wi th  t h e  col lector  
s u r f a c e  and the  other viewing a long  t h e  Y a x i s  toward t h e  core S t a t i o n .  
However, it is recommended t h a t  t h i s  measurement await  t he  i n s t a l l a t i o n  of a 
c ryogen ic  in s t rumen t  l o c a t e d  a t  t h e  PMP. Otherwise,  this requi rement  has 
l i t t l e  o r  no basis and would r e q u i r e  expens ive  plumbing. A s  mentioned above,  
a r a d i a t i v e l y  cooled  Q Z M  wc Id  p a r t i a l l y  f u l f i l l  t h i s  measurement requi rement .  
JSC 30426 does n o t  a d d r e s s  the e x t e r n a l  contaminat ion  c o n t r o l  r equ i r emen t s  
f o r  the e a r l y  c o n f i g u r a t i o n  t r a n s v e r s e  boom S t a t i o n .  For  i n s t a n c e ,  t h e  PNP is 
n o t  d e f i n e d ,  b u t  it is assumed t h a t  these p o i n t s  are located on the E a r t h  and 
space s i d e s  (wi th  s u r f a c e s  p e r p e n d i c u l a r  t o  t h e  Z a x i s )  and are between the  
module area and the  r o t a t i o n  j o i n t  f o r  the so la r  pane l s .  I t  is  a l s o  assumed 
t h a t  the d e p o s i t i o n  ra te  requi rements  a t  t he  PMP are the same a s  f o r  the dua l -  
k e e l  S t a t i o n .  
Q C M s  are c u r r e n t l y  a v a i l a b l e  wi th  t h e  c a p a b i l i t y  of o p e r a t i n g  a t  5 K. 
Sys t em Design and Operat ion 
The recommended TQCM's r e q u i r e  nominal tempera ture  c o n t r o l  of t h e  
c o l l e c t i o n  s u r f a c e  ( c r y s t a l )  a t  300 K. To minimize power requi rements  the 
TQ2M s e n s o r  packaging  shou ld  be de isgned  to  p rov ide  h e a t  sink t empera tu res  of 
a b o u t  300 K. 
Three channe l s  of d a t a  are r e q u i r e d  f o r  each senso r :  
(1) f requency  between c o l l e c t i o n  and r e f e r e n c e  c r y s t a l s  - 16 b i t  s-l 
maximum, 1 2  b i t  s-l nominal ,  ( 2 )  s e n s o r  tempera ture  - 8 b i t s  r e s o l u t i o n ,  ( 3 )  
h e a t  s i n k  t empera tu re  - 8 b i t s  r e s o l u t i o n .  
i n f r e q u e n t l y  a t ,  s a y  i n t e r v a l s  of t e n s  of minutes  t o  o b t a i n  s u f f i c i e n t  
d e p o s i t i o n  in fo rma t ion .  Nonquiescent  periods,  d u r i n g  Space S h u t t l e  v i s i t s  fo r  
example, would r e q u i r e  g r e a t e r  sampl ing  f requency  (on  t h e  order of minu tes )  t o  
r e s o l v e  d e p o s i t i o n  from v a r i o u s  a c t i v i t i e s  (p rox imi ty  o p e r a t i o n ,  docked 
periods, a s t r o n a u t  EVA'S, etc. 1. Heat s i n k  t empera tu re  could  be ob ta ined  by a 
s i n g l e  measurement on each of the packages of 6 TQ2M's. 
S e n s o r  c r y s t a l  heat f requency  and t empera tu res  would on ly  be q u e r i e d  
Table  1 g i v e s  a d d i t i o n a l  p e r t i n e n t  i n fo rma t ion  on TQCM's. 
I t  i s  recommended then ,  f o r  s i m i l a r i t y  and c o n t i n u i t y  between the e a r l y  and 
la ter  S t a t i o n  c o n f i g u r a t i o n s ,  t h a t  t h e  same package of s i x  TQCMs d i s c u s s e d  
above be p laced  on t h e  +Z and -Z sides of t h e  boom a b o u t  half-way t o  t h e  
r o t a t i o n  j o i n t  on the +Y and -Y axes  ( i .e. ,  a t o t a l  of f o u r  packages) .  A t  
l eas t  one 0.1 s t e r a d i a n  TQCM shou ld  be p l aced  nea r  each  of t h e s e  l o c a t i o n s .  
A l l  of  t h e  above would be nominally c o n t r o l l e d  a t  300 K. Measurements fo r  the 
c r i t i c a l  power l o c a t i o n s  would be t h e  same a's f o r  the dua l -kee l  S t a t i o n  above. 
Tab le  1. T y p i c a l  TQCM S p e c i f i c a t i o n s  Sensor .  
Sensor :  
Mass S e n s i t i v i t y  
Temp. range 80' t o  6OoC ( 2 O O C  Heat S i n k )  
Senso r  Power 0.15 w a t t s  
Pe l t i e r  Power 0 - 7 w a t t s  
Dimensions 3.2 cm diam. x 7.5 cm long 
Weight 1209 
1.6 x lo-' g cm-2 Hz" (15 MHz c r y s t a l )  
C o n t r o l l e r  (For approx. 6 s e n s o r s )  : 
Dimens i o n s  15 x 16 x 16 cm 
Weight 3 k9 
Rough-order-of -magnitude c o s t :  
C o n t o l l e r ,  6 s e n s o r s  - S150K 
A d d i t i o n a l  Measurements 
Two a d d i t i o n a l  measurements a r e  proposed t o  g a i n  more knowledge of t h e  
n a t u r e  of t h e  d e p o s i t e d  mass and the  effects of t hese  d e p o s i t s  on o p t i c a l  
p r o p e r t i e s .  
The f i r s t  measurement r e q u i r e s  a TQ2M mounted a d j a c e n t  t o  a n e u t r a l  mass 
spec t romete r  and the c a p a b i l i t y  t o  mechanica l ly  f l i p  t h e  TQCM 180' so t h a t  its 
c o l l e c t i o n  s u r f a c e  i s  p o s i t i o n e d  d i r e c t l y  over t h e  entrance a p e r t u r e  of 
spec t romete r .  Heat ing t h e  TQCM would a l low a n a l y s i s  of c o l l e c t e d  mass and 
p o s s i b l e  i n s i g h t  i n t o  subsequent  s u r f a c e  chemis t ry .  T F M  h e a t i n g  r a t e s  could 
be c o n t r o l l e d  t o  accommodate t h e  mass spec t romete r  sweep r a t e s .  When gases  
a r e  no l onge r  evo lv ing ,  t h e  TQCM is r e p o s i t i o n e d  i n  the c o l l e c t i o n  mode and 
commanded t o  the d e s i  red  c o l l e c t i o n  tempera ture .  
(uv-vuv) i n s t r u m e n t s  on t h e  S t a t i o n  it would be d e s i r a b l e  t o  measure the  
o p t i c a l  effects  of d e p o s i t i o n  d i r e c t l y  and inexpens ive ly .  A p r o t o t y p e  
i n s t r u m e n t  has been developed by Acton Research Corpora t ion ,  Acton, 
Massachuse t t s ,  under a S m a l l  Business  Innova t ive  Research c o n t r a c t  and 
t e c h n i c a l l y  monitored by MSFC t h a t  p rov ides  the c a p a b i l i t y  t o  measure s p e c u l a r  
t r a n s m i t t a n c e  and r e f l e c t a n c e  a t  10 d i s c r e t e  wavelengths  over  the 121.6  t o  
210.0 nm r eg ion .  Up t o  t h r e e  samples are mounted i n  a c a r o u s e l  and exposed t o  
t h e  environment. O p t i c a l  measurements can be accomplished q u i c k l y  on any 
sample a t  any s e l e c t e d  wavelength,  sequenced through a l l  t h e  samples a t  each  
of the 10 wavelengths ,  o r  i n  a u s e r  preprogrammed mode. 
These two a d d i t i o n a l  measurements would provide  complementary i n f o r m a t i o n  
t o  that  provided  by t h e  E M .  W e  would then have mass, mass s p e c t r a ,  and 
o p t i c a l  e f f e c t s  as a f u n c t i o n  of t i m e .  
P r i o r  t o  i n s t a l l a t i o n  of ex t remely  s e n s i t i v e  u l t r av io l e t -vacuum u l t r a v i o l e t  
SECTION 2: CONTAMINATION CONTROL REQUIREMENTS 
Introduction 
T h i s  s e c t i o n  c o n t a i n s  t h e  m a t e r i a l  f r o m  t h a t  p o r t i o n  o f  t h e  
w o r k s h o p  t h a t  a d d r e s s e d  t h e  S p a c e  S t a t i o n  E x t e r n a l  C o n t a m i n a t i o n  
C o n t r o l  R e q u i r e m e n t s  Document:  JSC 30426 (November ,  1 9 8 6 ) .  The  f i r s t  
p a p e r  i n  t h i s  s e c t i o n  r e v i e w s  t h e  v a r i o u s  s u g g e s t e d  m o d i f i c a t i o n s  t o  
J S C  30426 .  T h i s  is f o l l o w e d  by a summary o f  t h e s e  s u g g e s t i o n s  a n d  t h e  
d i s p o s i t i o n  recommended by t h e  w o r k i n g  g r o u p .  A l s o  i n c l u d e d  i n  t h i s  
s e c t i o n  is  a s t u d y  of t h e  a l l o w a b l e  b u i l d  u p  o f  n e u t r a l  gases  n e a r  
h i g h  v o l t a g e  s o u r c e s  s u c h  a s  t h e  s o l a r  a r r a y s .  T h i s  s t u d y  was i n  two 
p a r t s :  f i r s t ,  R .  R a n t a n e n  h a s  inodeled t h e  p r e d i c t e d  b u i l d  up  n e a r  t h e  
s o l a r  a r r a y s  f o r  v a r i o u s  c o n d i t i o n s  ( s ee  s e c t i o n  5 of t h e  p a p e r  by R .  
R a n t a n e n ) .  S e c o n d l y ,  i n  a s e p a r a t e  p a p e r ,  N .  S i n g h  h a s  computed  t h e  
l e v e l s  a t  w h i c h  p l a s m a  a r c i n g  a n d  d i s c h a r g e s  c o u l d  b e  e x p e c t e d  t o  t a k e  
p l a c e .  
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